General Criteria for Establishing a Screening Program
In 1968 Wilson and Jungner [1] established key principles that a disease should satisfy before introducing screening as a public health policy. Despite further refinements, more recent guidelines for screening programs continue to adhere to the merits of Wilson and Jungner's original criteria, the most important of which will be used below as the framework for discussing the issues involved in screening for prostate cancer.
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The Disease Should Be an Important Health Problem
As the most common male cancer in Europe and the United States, and second only to lung cancer in terms of male cancer deaths, there is little doubt that prostate cancer represents a significant public health burden in Western countries [2] . In the U.S. alone, an estimated 220,900 new prostate cancer cases were diagnosed in 2003, with 28,900 deaths attributable to the disease [3] . Although a dramatic increase has been observed in the number of men diagnosed with localized disease as a consequence of PSA testing, those with advanced prostate cancer continue to present a significant burden to the community, developing metastatic disease at a rate of 8% per year, and reaching 40% at 5 years. These metastases predominately affect the skeleton, causing high levels of morbidity and hospitalization, and necessitating expensive palliation. In addition, the use of hormone manipulation in the form of androgen suppression to treat advanced disease causes iatrogenic morbidity by reducing bone density and inducing osteoporosis, again leading to skeletalrelated events requiring possible prophylaxis by using agents such as bisphosphonates, or treatment to correct the complications [4, 5] .
There Should Be a Preclinical State More Amenable to Successful Treatment than Clinical Disease
This criterion remains unclear in prostate cancer, largely because of the rather loose definition of "clinically significant" disease. Despite the fact that with increasing age most men will develop microscopic foci of prostate cancer, only a small percentage of these slowgrowing tumors will develop into invasive prostate cancer, and an even smaller proportion will cause premature death. It is hoped that the epidemiological investigation of prostate cancer will identify factors-ideally amenable to intervention-that cause the common microscopic form of the disease to progress to invasive disease. However, to date, the etiology of prostate cancer remains virtually unknown and continues to pose a major challenge to epidemiologists. Although both genetics and environment are likely to play a role in the evolution of the disease, the role of genetic factors in prostate cancer susceptibility has stimulated significant interest following a number of genetic linkage analyses based on families in which several men have prostate cancer, most of whom have earlyonset disease. Genetic factors will undoubtedly prove important in prostate cancer, although major susceptibility genes account for only 5% to 10% of prostate cancer cases. Whether highrisk genetic mutations or common low-risk genetic polymorphisms (variants) produce familial aggregation remains unclear, although several common polymorphisms are associated with a modest increase in disease risk. Many published studies lack sufficient sample size and statistical power to be conclusive, and even if confirmed, the magnitude of effect would not justify the inclusion of genotyping for these polymorphisms in a screening program. The findings for other potential factors such as diet and sexual lifestyle fall short of the evidence required for public health recommendations [6] .
Prostatic Intraepithelial Neoplasia
Prostatic intraepithelial neoplasia (PIN) is believed to be the preinvasive end of a morphological continuum of cellular proliferation affecting prostatic ducts, ductules, and acini. It tends to be multifocal and occurs in the peripheral zone, as does prostate cancer. It is divided into two grades: low and high. The continuum from normal prostatic epithelium through lowand high-grade PIN to invasive cancer is characterized by increased epithelial dysplasia within the luminal secretory cell layer. The dysplastic changes with increasing grade of PIN include nuclear enlargement, hyperchromatism, prominent nucleoli, cellular crowding with overlapping nuclei, and epithelial hyperplasia. The basal cell layer remains intact, although there may be some disruption in highgrade PIN. There is strong clinical, histological, and molecular evidence linking high-grade PIN with prostate cancer. High-grade PIN is seen in up to 16% of needle biopsies in men over 50 years of age. In malignant prostates, PIN is more frequent and of higher grade than in glands without cancer. The incidence of PIN increases with age, with low-grade PIN occurring in men in their third and fourth decade and high-grade PIN occurring in their fifth decade [7, 8] .
Chemoprevention
Chemoprevention is an area that shows potential promise as an adjunct or alternative to screening. Potential agents include vitamin E, selenium, zinc, and lycopene as dietary supplements. Other epidemiological associations may also prove appropriate for pharmaceutical development, including inhibitors of cyclooxygenase-2 (COX-2) and insulin-like growth factor-1 (IGF-1) activity. More recently, chemoprevention using the 5a-reductase inhibitor finasteride was tested in the context of a large randomized controlled trial (Prostate Cancer Prevention Trial, PCPT) in the U.S. [9] . In this trial, 18,882 men with serum PSA of 3 ng/mL or lower from the age of 55 years were randomized to finasteride or placebo treatment for 7 years. End-of-study biopsies were performed on the majority of men. There was a reduction in the incidence of prostate cancer by 24.8% in the finasteride compared with the placebo group, although high-grade prostate cancer (Gleason score 7 to 10) was more common in the treatment group. From the screening point of view, one of the important observations in the study was the overall high rate of prostate cancer detection in this cohort of men in comparison with previously published studies of screening. This raises questions as to the real incidence of clinically significant prostate cancer in the general population of men in this age group, the true value of serum PSA measurements, the various thresholds used in detection of the disease, and the possible effect of 5a-reductase inhibition on the biology of prostate cancer. Further analyses of data from this study are awaited.
The Natural History of the Disease Should Be Known
The natural history of prostate cancer in the PSA era is uncertain, because men are far more likely to die with, rather than from, the disease. The lifetime risk of having microscopic prostate cancer for a man aged 50 years is 42%, although his risk of dying from the disease is about 3% [10] . There is little published long-term outcome data for prostate cancer in the PSA era, which makes any previous data difficult to translate in contemporary terms. In clinical practice, it has become customary to state that unless a man has a minimum of 10-year life expectancy, conservative therapy is indicated. This appears to stem from the work by Barnes [11] in the late 1960s, who investigated the long-term survival of patients with clinically localized prostate cancer who were treated conservatively. Barnes noted that over two thirds of these patients died from competing medical hazards rather than from their prostate cancer.
Between 1989 and 1997, Johansson et al. [12] carried out a prospective study of the natural history of prostate cancer among 648 men with newly diagnosed prostate cancer from a large county in Sweden. Diagnosis was made by several methods (aspiration cytology of palpable nodules, prostate chips from transurethral resection of the prostate [TURP] or prostate specimens from open surgery for benign prostatic hypertrophy [BPH]), for which the study received criticism. The patients were followed for an average of 14 years, at the end of which the data demonstrated that the higher the stage and grade of the disease, the more likely were the patients to die of prostate cancer, with many men who had well-and moderately differentiated low-volume disease showing a favorable outcome. Johansson et al. concluded that men with early-stage disease were unlikely to benefit from aggressive intervention in the majority of cases. A further multicenter and international analysis by Chodak et al. [13] looked at outcomes in patients receiving no active treatment, and showed similar findings, with poorly differentiated cancers being particularly fatal.
In 1997 Lu-Yao and Yao [14] published data from the Surveillance, Epidemiology, and End Results (SEER) database, evaluating the outcomes of 59,876 patients diagnosed with prostate cancer over a 10-year period. Their results demonstrated that men with poorly differentiated prostate cancer had a 10-fold greater risk of dying from their disease compared to men with well-differentiated tumors, again confirming previous findings.
Albertsen et al. [15, 16] , using the Connecticut Tumor Registry to identify men diagnosed with localized prostate cancer who had been managed conservatively, explored the impact that coexisting medical problems had on the patients' risk of dying from their cancer. The authors' analysis concluded that men with welldifferentiated disease experienced little if any loss of life, whereas patients with moderately to poorly differentiated disease lost between 4 and 8 years of life compared to age-matched controls. Retrospective analysis to look at the impact of comorbidity in this same cohort of patients showed that those men whose competing medical problems placed them in the highest risk categories rarely died of prostate cancer. Among all the men diagnosed with clinically localized disease and treated conservatively, 40% died of competing medical hazards rather than from their prostate cancer within 10 years of diagnosis. Interpreting these studies in the present-day context is difficult, because they do not provide information on PSA-detected tumors.
The PSA testing era is likely to revolutionize these previous observations. Since its introduction in the late 1980s, there has been a dramatic increase in the incidence of prostate cancer. Most men detected through PSA testing having T1c disease, and contemporary lead times are long (6 to 8 years). In 1995 Gann et al. [17] published an analysis of the potential lead time introduced by PSA testing. From among 14,916 male participants in the Physicians' Health Study of trial beta-carotene, they identified 366 men who were diagnosed with prostate cancer within 10 years of follow-up. From the analysis of patient records and histology reports, and using a PSA cutoff value of 4 ng/mL, the authors calculated the diagnostic lead time for all prostate cancer diagnoses to be 5.4 years, and the diagnostic lead time for fatal prostate cancer cases to be 3.6 years. Whereby traditionally, 5-year and 10-year survival statistics (i.e., the proportion of individuals with cancer who are alive 5 or 10 years after diagnosis, respectively) are quoted to demonstrate improvements in cancer management, the introduction of PSA testing has accelerated the date of diagnosis of prostate cancer for many patients. Consequently, this lead-time bias has influenced the perception that contemporary men, with prostate cancer detected through screening, are surviving longer. Welch et al. [18] analyzed 5-year survival outcomes between 1950 and 1995 for 20 common tumors using data from the National Cancer Institute's SEER program. When the results were correlated with the incidence rates for each cancer, they showed an absolute increase in 5-year survival for each of the tumor types studied, ranging from 3% for pancreatic cancer to 50% for prostate cancer. Over the same period, however, mortality rates declined for 12 tumor types, but increased for the remaining eight. The data showed a positive correlation between increase in 5-year survival for a specific tumor and increase in that tumor's incidence, but little correlation between increase in 5-year survival and change in tumor-related mortality.
There Should Be an Acceptable Screening Instrument for the Disease
The advent of PSA testing in the late 1980s as a simple blood test to indicate the possibility of prostate cancer has revolutionized its diagnosis. Although the triad of PSA, digital rectal examination (DRE), and transrectal ultrasound (TRUS) and biopsies remain conventional in confirming the diagnosis and staging the disease [19] , it is now accepted that neither DRE nor TRUS should be included in a screening context for prostate cancer. In the absence of the disease, serum PSA concentrations are known to vary in relation to age and prostate gland volume, and can be raised after ejaculation, prostate biopsy, surgery that involves the prostate, or during prostatitis. Despite these limitations, the acceptability of screening by PSA test has been widely demonstrated. A raised PSA alone, however, is not diagnostic of prostate cancer, as the diagnosis can only be made after biopsy, which itself can be uncomfortable and carries the risks of bleeding and sepsis. PSA cutoff points remain controversial. Using the initial widely accepted serum PSA cutoff level of 4 ng/mL, up to two thirds of cancers can be missed [20] . In a community-based study of serial PSA testing, Catalona et al. [21] found that 22% of men older than 50 years with PSA concentrations between 2.6 and 4.0 mg/mL had prostate cancer. In the European Randomized Study of Screening for Prostate Cancer (ERSPC), 36.5% of detectable prostate cancers were identified in the 87.5% of men who had PSA concentrations lower than 4 ng/mL [22] , leading to the reduction of the PSA threshold in the study to 3 ng/mL, and abandon-ment of DRE as a screening tool [23] . The same protocol was adopted by the U.K. Protect trial, discussed later in this chapter [24] .
There Should Be an Accepted and Effective Treatment
Until recently, there was a significant lack of first-degree evidence through large randomized controlled trials that aggressive treatment of localized prostate cancer improves survival or quality of life. Outcomes for different treatment options in men with localized prostate cancer are difficult to interpret, because many of the published studies are observational, contain too small numbers, and are otherwise insufficiently robust. For example, men treated by watchful waiting may have been selected because they are older, with lower grade tumors, whereas those treated by radiotherapy may have been more likely to have more advanced tumors. Therefore, only data from well-conducted large randomized controlled trials can confidently be used to compare treatment options. Such a trial has been performed in Scandinavia, the results of which were published recently [25, 26] . The trial randomized 695 men with early prostate cancer to either watchful waiting or radical prostatectomy, with a median follow-up of 6.2 years. The most important findings were a 50% reduction in disease-specific mortality following radical prostatectomy, and a 14% increased risk of progression to metastatic disease as well as a 40% increase in local progression in patients receiving watchful waiting. There was no significant difference in overall mortality between the two groups, but morbidity from the surgery was significant, with 49% of patients experiencing varying degrees of urinary leakage, and 100% erectile dysfunction-results that are incompatible with current standard surgical practice in institutions dealing with large numbers of patients [27] . Further limitations of the study include the following: (1) it essentially preceded the PSA era, since only 5% of cases were detected through screening; (2) more than 50% of men were symptomatic, and 76% had palpable stage T2 tumors, findings that have become unusual in contemporary practice, where most men detected by PSA testing have T1c disease with low PSA levels; (3) the criteria for local progression in the watchful waiting arm were unreliable, defined by the subjective parameters of DRE and symptoms of bladder outflow obstruction, which may have been related to symptomatic benign enlargement of the prostate; (4) the length of follow-up to date may be insufficient to assess the true impact of the chosen therapy. In addition, 23 patients randomized to radical prostatectomy were found to have positive lymph nodes at surgery, and it is not known whether these patients were subsequently given early hormone manipulation, which may have partly influenced the apparent benefit of surgery. Furthermore, the authors did not present detailed pathological staging of patients receiving radical prostatectomy (i.e., rates of positive margins and upstaging), who may have also received early hormonal ablation. On the basis of the results from this study alone, therefore, one may conclude that the effectiveness of treatment in screen-detected prostate cancer remains so far unproven. In the U.S., the Prostate Cancer Intervention Versus Observation Trial (PIVOT) has been recruiting and randomizing men aged 75 years or younger to a trial of treatment, comparing radical prostatectomy with expectant management, with allcause mortality as a primary end point. The trial has closed recently, having recruited 731 men, and the results are awaited [28] .
In the United Kingdom, the Protect (Prostate Testing for Cancer and Treatment) study is a randomized controlled trial of treatment effectiveness in men with clinically localized prostate cancer initiated in 1999 as a feasibility phase that proved successful [24, 29] . The main trial started in 2001, and aims to test 130,000 asymptomatic men aged 50 to 70 years over a period of 5 years. Of those, 1800 patients with clinically localized prostate cancer will be randomized to active monitoring, radical prostatectomy, or radiotherapy. The primary end point will be survival at 10 years, with a number of secondary end points, including detailed quality of life analyses. The study, funded by the Health Technology Assessment panel of the National Health Service (NHS) research and development program, has been extended recently through further support from Cancer Research UK and the Department of Health to include the evaluation of case finding. This effectively converts the Protect study into the intervention arm of a clustered randomized trial of screening. Results will become available within the next decade, at the same time as the other much-awaited screening studies in Europe and the U.S.
Does Screening for Prostate Cancer Reduce Mortality from the Disease?
Since the introduction of the PSA test, screening for early prostate cancer has become prevalent in the United States, with, as expected, a sharp rise in the incidence of the disease in the early 1990s. This was contrasted by a static incidence rate in countries where screening was not widely practiced, such as the United Kingdom. However, by 1996 the U.S. started to experience a slow but constant decrease in the prostate cancer mortality rate, which was advocated by some as resulting from early aggressive intervention with the intensive screening program. This conclusion is flawed by a number of problems. First, in view of the protracted natural history of the disease, it is unlikely that early treatment could have caused this reduction in mortality within such a short time period. Second, similar reductions in mortality rates were observed in countries where screening had not been adopted, such as England and Wales, and the Netherlands, suggesting that other factors, including diet and environmental factors yet to be determined, must have been involved in this continuing reduction in mortality from the disease [30, 31] . A similar trend to that observed in the U.S. was seen in the Tyrol region of Austria, where in 1993 PSA testing was made freely available to all male inhabitants of ages 45 to 75 years. The effects of this intensive screening, and treatment of early disease, has been associated with a significant reduction in mortality from prostate cancer between 1993 and 1999, which was in contrast to the modest downward trend in prostate cancer death rates observed throughout the rest of Austria [32] . Again, this cause-and-effect association has yet to be confirmed, but it is clear that current reduction in mortality in Tyrol cannot be attributed to screening alone.
More recently, Lu-Yao et al. [33] analyzed mortality data between two areas of the U.S. with substantially different rates of screening and treatment. Several studies had previously documented that the frequency of PSA testing, prostate biopsy, and radical prostatectomy among men in the Seattle-Puget Sound area was initially higher than in Connecticut. Using the SEER database, Lu-Yao et al. analyzed data from 94,000 men in Seattle and 120,621 men in Connecticut over an 11-year follow-up period, with the conclusion that in Seattle, intensive PSA screening (5.39-fold compared with Connecticut), and treatment (5.9-fold for radical prostatectomy and 2.3-fold for radiotherapy) did not lead to an improved disease-specific survival rate from prostate cancer, compared with the Connecticut practice.
How Can We Study Screening?
As mentioned above, screening for prostate cancer can be studied by randomized controlled trials such as the ones currently underway in Europe and the U.S. These involve randomizing a population of men at risk of harboring the disease, with good life expectancy, to either an intensive screening program or to no screening. The outcome is measured by analyzing differences in mortality between the two groups, on the assumption that the screened group would have received early aggressive intervention, compared with the nonscreened group. The ERSPC trial, and the Prostate, Lung, Colon, and Ovary (PLCO) cancer trial in the U.S. represent such examples [34] . The ERSPC trial is a large international cooperative study that was initiated in 1994 involving the Netherlands, Belgium, Finland, Italy, Sweden, Spain, and Switzerland, and was planned with a total sample of 190,000 men aged 55 to 74 years. However, over time, targets have changed, and it is now estimated that 120,000 and 140,000 men will be required in the intervention and control arms, respectively. These changes were implemented to take into account the variability of the countries involved, increased knowledge about compliance within the study, and the increasing rate of contamination (i.e., men in the control arm seeking PSA screening for prostate cancer and potentially receiving subsequent treatment), which was ranging from 10% to 30%. Randomization to the large PLCO study was initiated in 1993. The aim of both studies was originally to detect a 20% mortality reduction in the screened population, with a statistical power of 90%. Data from the prostate arm of the PLCO trial will be merged with ERSPC trial data, and results are expected by approximately 2008. However, treatments are not defined in these studies, and a significant proportion of men may opt for watchful waiting. This is compounded by the uncertainty of treatment effectiveness, and ever-increasingly sensitive methods of detection, which may not allow the screening studies to show differences sufficient to have an impact on public health policies. Despite these reservations, results are eagerly awaited, and will represent a phenomenal milestone in determining the value of PSAdriven screening in reducing mortality from prostate cancer, complemented by the U.K. Protect study.
What Do Men with Prostate Cancer Think of Screening for the Disease?
Public perception of screening for the disease varies. There is widespread pressure for the establishment of national screening programs, with resistance to this pressure often misinterpreted as attempts to save money, deceive the public, or even as sex discrimination. A recent interesting and elegant qualitative research study by Chapple et al. [35] highlighted these feelings, interviewing 52 men with prostate cancer from various geographical areas of the U.K. Although some factual conceptions were revealed, there were also many misconceptions, such as early diagnosis brings better chances of cure, 5-year survival figures in the U.S. are higher than in Britain because of PSA screening programs, PSA testing is not taking place because of lack of resources in the NHS, men should be tested for prostate cancer as women are for breast cancer, men with urinary tract symptoms should all be tested for prostate cancer, and the government is not spending enough money on prostate cancer treatment. These examples of arguments from men with the disease can be mostly refuted, and reflect a profound lack of knowledge about prostate cancer in the general population, compounded by misleading information in the media. However, as eloquently stated in a recent editorial by Thornton and Dixon-Woods [36] , these arguments convey "the irresistible logic of finding the cancer early, the drive to avoid regretting later the decision not to have the test, the right to obtain information about oneself by testing, and a perceived right to parity with women's access to screening, which may all be important arguments." The study also showed clearly how ill prepared men are to suffer the consequences of screening, and the controversies surrounding treatment issues. The public does not appear to perceive an important aspect and consequence of screening, as again highlighted by Thornton and Dixon-Woods: "that screening is about changing identities, and becoming a patient, which is no trivial matter." It is therefore our duty not only to inform and educate men about these difficult issues, but also to engage them firmly into decision and policy making in the management of prostate cancer.
Screening Policies Worldwide
Because of the uncertainties described above, it is not surprising to find that screening policies for prostate cancer differ considerably among countries where prevalence is high. A recent survey of large numbers of countries requested three specific pieces of information [37] : (1) Does the country have a mass screening program? (2) Does the country encourage and allow early detection? and (3) Is the PSA test reimbursable? Interestingly, the only country that appears to have a mass screening program for prostate cancer is one of the smallest, Luxembourg. A large proportion of countries allow early detection, and a few reimburse the cost of PSA tests, but opinions and practices are divided. For instance in the U.S., the American Cancer Society and American Urological Association recommend prostate screening for all men aged 50 years and older, whereas the U.S. Preventative Services Task Force, American Academy of Family Physicians, and American College of Physicians recommend not screening for prostate cancer [38] [39] [40] [41] .
In the U.K., opinions are divided. Some clinicians and a large part of the public, driven by patient support groups and the media, advocate screening for prostate cancer as a public health policy. Others promote joining ongoing trials of screening in Europe, or advocate testing treatment effectiveness before screening. In the early 1990s, a pilot study of screening was undertaken in the southwest, suggesting that British men would be amenable to a mass screening program [42] . In 1996 the British government commissioned two key systematic reviews of the literature [43, 44] . These reviews led to the recommendation by health ministers that there was currently insufficient evidence to establish screening as a public health policy in the U.K., and that PSA measurement in asymptomatic men should be discouraged. In the year 2000, however, further recommendations were made, allowing men who request a PSA test to receive it, providing that adequate counseling is delivered regarding the uncertainties about the detection and treatment of prostate cancer [45] . Furthermore, in an attempt to generally improve delivery of cancer services in the U.K., the Department of Health requested that all men whose PSA is elevated over 4 ng/mL should be seen by a urological surgeon within 2 weeks for further management. The intellectual incompatibility between these rules and existing evidence about screening and the treatment of prostate cancer is flagrant, adding confusion to the existing uncertainties for physicians and patients alike.
Conclusion
The dilemmas surrounding the value of screening and treatment in clinically localized prostate cancer remain unresolved. Recently published work from Scandinavia sheds some light into potential benefits of radical prostatectomy in preventing patients from dying from prostate cancer, although aggressive treatment did not improve overall survival compared with watchful waiting. Results from the now-merged ERSPC in Europe and PLCO in the U.S., the Protect study in the U.K., and the PIVOT study in the U.S. are awaited eagerly. It is reassuring for the medical community and prostate cancer patients worldwide that these long-standing dilemmas in the management of prostate are being resolved through large and robust randomized controlled trials supported by governments and funding institutions in Europe and the U.S.
